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Description 

Background of the Invention 



—I » ™»°(><>'e 050 MOM^), La« ' * " me8< """' M ™- 

classes zrrrjsirsszrsr - 

[0007] While activated charcoals and other carbon-containinamateriakhawoh^n .,0^ . , . 

have heretofore had all of the requisite qualities of ?* SUpP ° rtS ' none 

for the conduct of a variety of organic cnemica. Sns ^ * attriti0n a " d ^ 



OBJECTS OF THE INVENTION 
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SUMMARY OF THE INVENTION 
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[0013] The invention is in a supported catalyst for conducting a fluid phase catalytic chemical reaction nmr.^ 

SIX"* M phas8 ■» ^ « 

[0015] Fibril-aggregate-supported catalysis of the present invention have unique properties Thev are ex^tinm-.h, 
macroporous and they are pure and they are resistant to attrition and con^ueleJZ^a^ZS^.? 
reacfon medium over a iong service life. The uniquely high macroporosity of c^Z^Z^sler^SlZ 
macroscopc morphology, greatly facilitates the diffusion of reactants and 0ro d t ^lZ i fu ' . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

oUhe !nv"«o h n ema,fc °' * ^ r6aCti ° n ^ Pert0med With "^aggregate supported catalysts 

DETAILED DESCRIPTION OF THE INVENTION 

d.ameter ratio of at least about 5 and preferably at least 100 or even 1000. nanometers, a length-to- 

[0019] Such carbon fibrils are described in Tennent et al u <? <? m «7i a™ n^A , 

libnb have substantially the same relative orientation, but thai is less than that erf bZS^Z lea £S2 ™ 
SSST ,a9ressles ™ "»» »Pereed than bird nea, aggregates "EG"!*""- Combed y.m 
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state. This results in a support where tr^J^^i^SSSS "JXSZZ T ,han ?* 
5 available to the fluid medium as meso- or macrooores This is !' and , where the ent,re P° ros 'ty h 

PKo) Further details regarding tug formation o( carbon fibril aoareoates mnv ha h.J^T ar , w 
el«l, U.S. Parent Applioata, Serial No. 149.573 lied Jari Ua re2S L , , ? 5 °'° Sl " e Snyder 
N»4'3.M7«leaSeplembg,2 S ,19e9rFiS 

. » £. 30. re**re anri oagabl. boring ae rirgri , .CC£SSSEE,tI. 

•a* String trie '° to "™ ,k> " « ™» «* - •» <*- 

•relate tf g. IMMrie nbaorega SI - S tE^ESS?* ™ 0CCU '* e ' , " "" *<™ k "~" 
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countered in diffusion ormass transfer IwZ^^S^^' 9 **** ** ^ ^ 

since more catalyst can be loaded onto I 'support ° ' " "* M * Mlf in ° reased cata * st ,ife 

h, arjr improved physicai stren9,h and — 

particles are typically above about 0 5 rnfcran Furth/r , k Wh6 " S6Ver6 altrition does occur the a «"«ed 

when reduced to paL.es ofSt «S ^SS2?lS^ * Se,f - ,locculate - sucb that even 
-able as compared to other 0.5 micron sT^pa^ 9 a 99 ,omerates - remaining sepa- 

m*/gm are desired, fibril m^SS^^^^T^ 9 ^ ***** M higherthan 25 °- 300 

gm. An advantage °'s"rf£il^ ~ ab ™ ^000 „* 

vidual strands of carbon fibrils are modified and mZ^ZZ JT 8 th3t ° nly the surfaces of indi " 

increased surface area wKhout any dhSSSi SEl^S? " '"^ ^ Pr ° Vid,n9 

small amounts of encapsulated catalyfc meS c^^rl! ^ 818 eSSentially pure carbon with 

was M The encapsulated ££^£%£u ZSXS^ * M ' M a " regata 

affecting contaminant compound does not act as a catalyst poison or as a selectivity. 

SighZoT^^ 

gregates is advantageous in any catalyst system SSS^ ^ * ^ by ,ibri ' a 9" 

that make up a carbon fibril aggregate w3^fcS?!S*JJ 5l,S . SUPPOft ™ e mu,tip,e cart)6n ,ibrils 
to multiple fibrils in the fibril Morea^e Thfe nmuMo numbe °' iunchon points at which catalyst particles can adhere 

catalyst Further, ^^JSTZTS JSSt T* ** ^ the SU P ported 

greater reserve capacity oilSt C^Z^T ^ I ^ Weigh * ° f fibril and thfe P ravid <* a 

greater than 0.1 WeighTp^^^^ 001 ^ percent and preferably 

greater than 50 weight i^^S^S^S^S ? . ? PP fibri, - formi "9 catalyst. Catalyst loadings 
the contemplation o'f the ^entlT Sta fnlx^ ff °S ° f ^ SUPP ° rted are easi * 

aggregate-support o, the invantn^ 

catalysts is regeneration with an acid or a base |L™2? ctenst,c 18 advanta 9 e o"s Sl nce one path to regenerating 
METHOD OF MAKING SUPPORTED CATALYSTS 

fnato. Deelrable active catenas are th.Dlalmi.ml™,-* P Mm ' hea3 9™3 a,eorMI ">I«'> 

cmjal or cataw prepare.,, l„ „ .p^ ate , ime l0(ths ^ J™ ,te "WW » > «*«» of It. 

aggregate). Multiple ^.^2^ InlSS^gT * ^ 2 9 9 BN fibriI 

the fibril aggregate and tJ«E eSXl ^d^,^ T^' 8 ^ ° Xide Can be first de P 0Si ^ °" 
.oadingaScu 9 rsorofthemeix^c^ 

9.. a base, o, the m.ed oxide catalyst can *<££Z^?^£^ " 3 ^ * 
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[0040] Aggregate-supported catalytic metal oxides and hydrated oxides can be prepared bv precioitatina th*m fr« m 
aqueous solut.ohs of water-soluble salts of the metals, such as by adjusting the oH o^^Jln T 9 T 
sulfides can be made from these oxides and hydrated oxides. ^B pSZ^LTZ 

sssfcsi'~--~'«-"-csr'.': 

METHODS OF USING SUPPORTED CATALYSTS 

[0047] Carbon fibril aggregates are candidates for use as catalyst supports for catalv^ that h«*t„w „• , 
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Reaction 


_L Catalyst 


ayarogen a 1 2 on 




wxei in •* diKane 


Pt, Pd, Rh, Ru 








~ 

Cu + /zno 


neptane toluene + 4H ? 


Pt T. ~j 


Acetone + H 5 -» 2-propanol 


Pt, Copper chronite | 


H 3 + aldehyde alcohol 


Pt, Pd, Rh, Ru 


nitrobenzene -> aniline 


Pd 


ammonium nitrate hydroxylamine 


Pd 


alkene alkane 

substituted alkene - substituted alkane 


Pd, Pt, Rh, Ru 


Pehydfrogenation 


2H0CK 2 CH 2 0H — * (f . H , ♦ H 2 0 
2, 3-dibydrodioxm 


Pt 




cyclohexanone phenol + H ? 


; 

Pt 




Arojna taxation 






§-§ 


Pd, Pt, Rh 






— . 

Pt 




Polyjneriratio/i 




C 2 H 4 -> linear polyethylene 


cr 2+ /sio, 




Olefin metathesis 




2C,H* - C 0 H 4 + CH^CH^CHCH^ I 


Mo 4+ /Al,0, I 




Oxidation 




CH^OH + %0 ? — CH ? 0 + H ? 0 


Fe ? o, • MOO^ 


I H,0 + CO - H ? + CO ? 


Fe,0<,, Ni, CuO/ZnO 



7 



EP1 176 234 A2 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



I h0 2 + CH 2 CH 2 - CH 3 CHO 


PdCl and similar 
salts of noble metals 


! RCH,OH - RCHO + 


Pt 


Glucose d-glucuronic acid 


Pt 


Oligomerization 


dimethylacetylene dicarboxylate -> 
hexamethyl mellitate 


1 Pd 


Isomerization 


1 

Ch ci » e, » -® 




Carbonylation 


CO + CH ? OH - CH^COOH ] 


Rh 


I Decarboxylation 


| ^^- CB t c <ci,) t ci, ♦ CO 


Pd 


J Hydros Hat ion 


[ SiH(CH 3 ) 3 +cyclooctadiene-l,3 - 
J 3-trimethylsilvl-cyelooctene 


Pt 



d tl. th com e" ses K contactin 9 a octant with a supported catalyst in fluid phase under suitable Sn con 
d.t,ons. The process may be a batch process or a continuous process, such as a plug flow process 0 a oradfentte« 
process e.g., a f.uidteed bed process. The supported catalysts of the invention are paSnV useful i cSSSSH 

S?„1T enVir ° nment SUbj6CtS the SUpP ° rted Catal ^ st to mechan * al — «i ^ aTZe ulo 

liquid phase slurry reactors, trickle bed reactors or fluidized bed reactors. The attrition resistance and hioh Ln nn 
capabilrty of the supported catalyst are particularly beneficial in these environments 9 d ' n9 

[0049] In a batch process, the reactant(s) are reacted in the presence of the supported catalyst in a reaction v^pI 

s p utri u : n d s e ; a9itation - an „ d th r ,he supported cata * st is «• *™ <E re^SSsTr^S 

suitable means for reuse, such as by a filter or a centrifuge. mixture Dy 

[0050] Fig. 1 schematically illustrates a batch hydrogenation process 1. Supported catalyst is olaced in a batrh 
reaction vessel 10 to which hydrogen and reactant are added. The vesseTis closed VndSLrnSj T 
performed under agitation. On compietion of the reaction, the JS^J^^SS^.'SS 
where the supported catalyst is separated and returned to the reaction vessel 1 0 via return I ne 22 and th™ h 
of the vessel contents passed to the next stage of the process via line 24 * rema ' nder 

[0051] In a plug flow process, the reactant(s) pass through a stationary bed of supported catalyst such that the 

[0052] in a moving bed or fluidized bed process, the supported catalyst is fluidized or entrained with the flow of 
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'» ft. lop as products. n» SSSSSSS \t nl, ^1 ">« '«™r>»ed from 

homogeneous catalytic processes to be run using heteroaeneous SS!^ ^ 7 * 38 S " PPQrtS permits 
«°n'aggregatecant^^^ 

phase containing catatyst or a plural of droptete 2 ca M f 1 r 9re9at<5 " Mded W ' th 8 COntinuous B « uid 
as a solid particle for material handling puZ e alT^Z— TTTTt' *° both 

reactions and lha War*., process "P"*"** "ley are uw m hydrolormylKlon and cannonylalion 

»fty»nn.o W n,Mh/drc™ n chlort<^ 
45 EXAMPLES 

50 EXAMPLE f. 

ctohexanco^c*dc*.>canol n >™ 0 *»"» l ° r ' "d »id use ol ho natalirst In Pro nydrogpnation of phenol to cy- 

5S ™sr„ te dT?oX™ 

man, addition tonnm and a mSZ £LT ™ -rt ' «**P«< •»> a 1 00 oc tag. 
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under vacuum, the solution is slowly and carefully added to the dry, degassed fibrils. The flask isshaken frequentlvto 

ZZHfllT, TS! T the addition is perforrned Addition is cominued until the p*« 

reached. A total of 72.5 cc is added. The flask is then placed onto a rotary evaporator and is dried at 0 1 mm Ha inrf 
80-C for severa. hours. The dried catalyst is reduced by reaction with 5% H 2 in a 2 inch Zte^L^MiZl 

?s::rTT\r ,ongertests positive ,or ct nom » *• <* i7%x^ SSU 

0065] The test for catalytic activity is performed in a 50 cubic centimeter stainless steel autoclave a7l 60X and a 
total pressure of 5 atmosphere. Products are analyzed on a Varian 3700 gas chromatograph using a capiL spb 5 
column Ten grams 0 phenol (Aldrich Chemical, ACS Reagent) is loaded in the autoclave with 0 2 VSZ JS£ 
The autoclave is sealed and all air s removed by purging twice with argon. The autoclave is then Seated funded an 
a mosp ere of H 2 w,th stirring (800 rpm) to 100-C, after which the pressure regulator for the sysTerntset ZfZ 
A10^^^^^ 

are To Z?£ r » r ^ Smm - f ° r analySiS - The rat6S ° f f0miation ,or cyolohexanone and cyclohexaTol 
are 16.0 and 0.12 g/g cat-s or liters per gram of catalyst-second, respectively. '""exanoi 

EXAMPLE II. 

[0067] Ten grams of BN fibril aggregates (void volume, 7.0 cc/g) is dispersed with 600 cubic centimeters of deionized 
water for 2 minutes in a Waring blender to form a thick paste. This is then slurried with an addition^ l lftefof wS 
a 3 hter 3-neck indented flask fitted with a top stirrer. One hundred twenty grams of 41% SET ITrI? 
Chemic lisaddedtotheslurryan*^^^ 

loading of the catalyst is 1 .1 g of iron per gram of carbon fibril aggregate 

[0068] The catalyst is ground and reduced in H 2 at 350°C for 6 hrs. It is added to a f luidized bed reactor at 340°C 
and charged wrth a 6/1 ratio of H^/CO at 2.5 MPa and at sufficient velocity to maintain a f luidi ed bed After eauita 
,s reached, analysis by gas chromatography of the liquid product collected downstream fe q 



Fraction 


C 5" C 10 


C 11' C 18 


Olefins 


70 


60 


Paraffins 


13 


15 


Oxygenates 


12 


10 


Aromatics 


5 


15 



EXAMPLE III. 



[0069] This example describes the preparation of a fibril aggregate-supported Fe,OVMaO catah/st for an a m 

synthesis process and the use of the catatyst in an ammonia synthesis process ^M** 90 ,0f an ammonia 

E ...IlSf ' a Ma9Chem 50) (29 6 9rams) ,S slurried with deioni26 d water at 80'C for 3 hrs and 

ul OH? ^ h?k 1 a " re9ateS (3 3 9ramS) (VOid V0,Ume 7 0 - surface area 290 M^/g) is added to the mS 
Mg(OH) 2 slurry and the mixture stirred in a Waring blenderfor 2 min 67 6 a of a 41°/ solution nf rL/N.oT V ■ L 

solution. This solution is added to the MgO/Mg(OH) 2 fibril aggregate slurry with vigorous mWno Ta steal drooZ 
rate. The resulting slurry is black. The slurry is filtered and washed twice with 1 N ammonS acetate torSll 
and refiftering^Thefilter cake is dried at 160'C for 18 hrs., then calcined at 400'C IbrTT^^^Z 
of^e calcrned catalyst is: 33% Fe 2 0 3 , 6.5% Mo0 3> 48.5% MgO, 1 2% fibril aggregates composrtion 

« I r! alySt J S Jl U, : ed in 3 Ha Stream by 9radUal ^ increasin 9 the temperature from 75"C to 425°C over a 
ILL n ' 24 hre ' 31 425 ° C - At th6 end ° f this time ' heat is re ™ ve <* When the temperature reaches 

ambenttemperature,H 2 ispurged with argon. Thecatalyst is then exposed to a 10% C02 /argon gas stream to oa^allv 
reoxidize the reduced Fe, which is otherwise pyrophoric. P ^ 

n ^ ° atalySt iS ,eSted f0r ammonia synthesis in a fixed bed reactor 8.0 g (23 8cc) of catalvst is loarten m a 
3/4" tube. Reaction is carried out at 480°C and 25 MPa total oressure with a 3/1 mt o o u !k. atalyst ' S loaded In a 
8% NH 3 , 23% M 2 and 69% H 2 . This corresponds to . SJSSE to NH a ^ ^ 

3' 
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EXAMPLE IV. 



[0073] This example describes the preparation of a fibril aggregate-supported catalyst for a hydrodesulfurization 
process by pore filling and the use of the catalyst in a hydrodesulfurization process oaesuitunzat.on 

H„ JtVF?*™ °lt° n I'""'' aggregates < void volume 7 «*» is Aspersed in a mixture of 600 cc of a solution 
tat is 0.44 U to Co(N0 3 k • 6H20 (25.75% CoO) and 0.20 M in ammonium paramolybdate (81 .53% Mo0 3 ) in a W no 

iS^UtT'^ "I 6 : 6 " W ' th0Ut fUrth6r Washing ' dried at 125 ° C - ™» dried c «talyst Is calcined 

10 0 fg fM aggreir ' n ° mina ' '° adin9 ° f 2 3 9 C °°' 14,1 9 M °° 3 (6/1 rati ° 0f Mo0 ^0) and 

rS IT ! S aCti T d by r6dUCt,0n 31 325 ° C With 3 gas mlxture containin 9 2 5 % in H 2 for 2 hrs 

[0076] 0.1 g of catalyst is charged into a 500 cc stirred autoclave with 300 cc of 1 vol% solution of thiophene in 
hexadecane The reactor is charged to 80 atm with H 2 and the hydrodesulfurization reaction is earned out at 300°C 

nul%l amP J? withdr « wn u andana| y z fat5min. intervals and a pseudo first order rate constant for disappearance 
of thiophene is detennined to be 4.5 x 1 0" 3 L/g cat-s. «*w«*"»ncB 

EXAMPLE V. 

[0077] This example describes the preparation of a fibril aggregate-supported catalyst for a carbonylation process 
and the use of the catalyst in a carbonylation process. y process 

I0 k° 78 1 A homogeneous catal V st solu «°" h^ing 0.0015M of RhCI 3 , 0.0005 M of Cr(CO) 8 and 0.005 M of triphenvl 
g s°Sac7S 29? ^^cumene is absorbed into the pores of 1 0 g of BN fibril aggregates (void volume, 7.0 d 

The pressure ,n the reactor .s increased and controlled at 500 psig with CO and the temperature is increased to 200°C 
A gas mixture comprising MeOAc, Mel and CO saturated with pseudocumene at 200-C and 500 psig is prepared such 

I £ °' I"' 9 ! S ^ M% C °" 25% Me ° Ac ' 1 °* Mel ' 1 % P^"documene The gas mixture 
is fed into the feed bed reactor whereupon MeOAc, Mel and CO dissolve in the supported liquid phase within the fibril 
aggregates and react to form acetic anhydride and acetic acid. Products are removed from the reactor by vaporfeaZ 

EXAMPLE VI. 



5S2 ™* exampl i d r cribesth ^ 

process and the use of the catalyst in a heterogeneous Wacker process 

K r^kT 961160 ? SOlUt L° ? ° 1 M ln PdC ' 2, 1 ° M CUC ^ and 0 001 M in LiCI - ls absorbed into the pores of 
1 0.0 g BN fibnl aggregates (void volume, 7.0 cc/g, surface area 290 m2/g) 

I °?5L J" 6 ? !. a,ySt (83 ^ fe '° aded int ° 3 1 " fiXed bed reactor ' A gas stream comprising 60% stream, 31% C,H. 
and 9% 0 2 ,s fed at 110»C and 60 psig at a total GHSV of 360. Residence time is approximately 10 sec The effluent 
contains 18% CH 3 CHO, 16% C 2 H 4 , 1% 0 2 and the balance, steam 



EXAMPLE VII. 



5?? ™ Saxample describes the Preparation of a fibril-supported catalyst for the oxidation of methanol to formal- 
dehyde and the use of the catalyst in that process. 

A « a !f» St te prepared bv abs °rt>ing a solution that is 0.004 M in ammonium paramolybdate [ (NH 4 ) e Mo 7 Oyf 
22 M '" Fe < N °3)3 and 05 M * -Id into 1 0.0 g BN fibri. aggregates (void volume 7.0 ^surface 
area 290 rrt/g). The impregnated catalyst is dried at 110°C and calcined at 240°C for 4 hrs. Nominal composition of 
the catalyst Is 0.65% Fe 2 0 3 , 2.3% Mo0 3 and 97% Fibril Aggregates. composition of 

tT? , , The r aC ! 0r fe 8 qUar& tUb6, 32 mm ° D X 1 000 mm long fitted witn a P° raus glass disc (1 0-20 micron) 

6/. MeOH/94% air (vol) at a total gas rate of 125 1/hr. Analysis of products by gas chromatography shows a 98% 
^version of MeOH with a selectivity to CH 2 0 of 96%. CO (2.5%). C0 2 (0.2%) and methyl foS ^0 !^Je It 

Claims 

1 . A supported catalyst for conducting a fluid phase catalytic chemical reaction comprising 
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(a) a catalyst support comprising a carbon fibril aggregate, said fibril aggregate comprising a plurality of carbon 
fibrils hav.ng an outer region of multiple, essentially continuous, generally parallel layers of ordered carbon 
atoms that are graphitic; and 

(b) a catalytically effective amount of a catalyst supported on said aggregate. 

2. A supported catalyst as recited in claim 1 wherein the carbon fibril aggregate is substantially free of micropores 
having a diameter less than 20 A. "^Fures 

3. A supported catalyst as recited in claim 1 wherein the fibrils have a fishbone morphology. 

4. A supported catalyst for conducting a fluid phase catalytic chemical reaction comprising 

(a) a catalyst support comprising a carbon fibril aggregate, said fibril aggregate comprising a plurality of carbon 
fibnte having an outer region of multiple essentiaiy continuous, generally parallel layers of ordered graphitic 
carbon atoms disposed substantially parallel to the central axis of said fibril, a preponderance of said fibrils 
hav.ng an external diameter of about 3.5 to 75 nanometers and a length to diameter ratio of at least 5 and- 

(b) a catalytically effective amount of a catalyst supported on said aggregate. 

5 " t^TI T ^ f "ff? 1? C ' aim 4 Wh6rein SaW ,ibr " a " regate com P rises fibri,s ^tangled with 

each other to form entangled balls, bundles of straight to slightly bent or kinked carbon fibrils haig substantia ly 

the samerelatweor.entat.on, or straighttoslightlybentorkinkedfibrils which are loosely entangled with each other 

7. A supported catalyst as recited in claim 4 wherein said fibril aggregate has a porosity from about 2 to about 8 ml/gm. 

8. A supported catalyst as recited in claim 4 wherein said fibril aggregate has a porosity from about 5 to about 8 ml/gm. 

9. A supported catalyst as recited in claim 4 wherein said fibril aggregate has a minimum size of about 0.5 micron 
on attrition. 

10. A supported catalyst as recited in claim 5 wherein said fibril aggregate comprises entangled balls. 

11. A supported catayst as recited in claim 5 wherein said fibril aggregate comprises loosely entangled fibrils. 

^oTC* 03 ^ 

13. A supported catalyst as recited in claim 4 wherein said fibril aggregate comprises essentially pure carbon. 

14. A supported catalyst as recited in claim 4 wherein said fibril aggregate is surface oxidized. 

15 ' fridZTlS I* r6Clted h - C ' aim i Wher6in the is Selected ,rom ruthenium . •«**». sodium, 

indium, palladium, platinum or a mixture thereof. v««m, 

16. A supported catalyst as recited in claim 4 wherein the catalyst is palladium. 

17. A supported catalyst as recited in claim 15 wherein the catalyst is platinum. 

18. A supported catalyst as defined by claim 1 wherein said catalyst comprises a substitution reaction catalyst an 
addit.onreacttoncatalyst.ap-elimination reaction catalyst, a rearrangement reaction catalyst, an oxidation reaciion 
catalyst, a reduction reaction catalyst or two or more of the foregoing catalysts. 

19 ' Tr^TJ r! alySt 38 r6Cited '".f ' aim 1 Wher6in Said CatalySt COm P rises a hydrogenation catalyst, a Fischer- 
Tropsch catalyst, an ammon.a synthesis catayst, a hydrodesuifurization catalyst, a carboxylation catalyst a Wack 
er process catayst, a discrete fibril-forming catalyst or a fibril aggregate-forming catay S 7 t '° nCatah ' St ' 3 WaCk 
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2 °' t S TnT 38 reCit6d C ' aim 1 Wherein ,he amount of cata, V st in ^ s"PP°rted catalyst is greater than 

about 0.01 weight percent based on the weight of the supported catalyst. 

21. A supported catalyst as recited in claim 1 wherein the amount of catalyst in the supported catalyst is oreaterthan 
5 about 50 weight percent based on the weight of the supported catalyst. greaterthan 

22. A process for performing a catalytic chemical reaction in fluid phase comprising contacting at least one reactant 
in flu.d phase under suitable reaction conditions with a supported catalyst that comprises 

caL ZstanT reg, ° n °' « ^ ordered 

(b) a catalytically effective amount of a catalyst supported on said aggregate. 

5 23 ' t nT! pe ^ 0rmin 9 a cata, y tic chemica ' action in fluid phase comprising contacting at least one reactant 
m flurd phase under surtable reaction conditions with a supported cata^st that comprises 

(a) acatalystsupportcomprisingacarbonfibrilaggregate,said fibril aggregate comprising a plurality of carton 

2£ t 9 Z ° f mmpi& BSSenm COntinuous ' ^eralfy parallel layer, of orderr gi ? P hitte 

carbon atoms disposed substantially parallel to the central axis of said fibril, a preponderance TsSml 

Si! TZ T ?T Xef ° f ab ° Ut 3 5 10 75 nan0metera and a ,en 9 th to ratio of a'.eastf and 

(b) a catalytcalV affectrve amount of a catalyst supported on said aggregate. 

2 \?eT m r^ 

25. A process as ecited in claim 23 wherein said process further comprises recycling said supported catalyst to said 
process for contact.ng said reactant after separating the supported catalyst from said oneTmor^S. 

26. A process as recited in claim 23 where said reaction is conducted in the liquid phase. 

27. A process as defined by claim 23 wherein said reaction is conducted in the gas phase. 

29. A process for performing a catalytic chemical reaction comprising 

SlSStZ 8 reaCt3nt " VaP ° r ^ " reaC,i ° n Z ° ne C ° ntaining 3 f ibril legate-supported catalyst 

1 ITS? ! UPP ° rt COmpris,ng a carbon fibril WJjale, said fibril aggregate comprising a plurality of 
graphrtic carbon atoms disposed substantially parallel to the central axis of saiS fibril, a preponderant 
a1feast5, and " diameterof about3 ' 5 to « "meters anda length to diam« 0 of 

(il) a catalytically effective amount of an active catalyst supported on said aggregate, the active catalvst 
being contained within a liquid phase within the said aggregate; and V 

(b) absorbing the reactant into the said liquid phase to conduct said reaction. 

30. A process for making a supported catalyst for conducting a fluid phase catalytic chemical reaction comorisina 
depositing a catalytic^ effective amount of a catalyst on carbon fibril aggregate lJ£™X!3M 
carbon f.bn.s. a preponderance of which have an external diameter of abo^lA abo^sZoZT^ 
JSSTflS 0 31 le8St ab ° Ut 5 9raPhitiC ' ayerS diSP ° Sed in SUbStantia '^ P arallal -'a«on tThe cent, 

31 . A process as reeled in claim 30 wherein the catalyst is a mutticomponent catalyst that is deposited on the fibril 
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aggregate in a single step. 

32. A process as recited in claim 30 wherein the catalyst is a multicomponent catalyst that is deposited on the fibril 
aggregate in multiple sequential steps. 

33. A process as recited in claim 30 wherein the cata^st and at least one other material are coprecipitated on the fibril 
aggregate. 

34 ' su^Ta'ret redted C ' aim 30 Wh6rein 

35. A process as recited in claim 30 wherein the chemical properties of the surfaces of the individual fibrils in the 
aggregate are modified to support the catalyst. 6 

1. A supported catalyst for conducting a fluid phase catalytic chemical reaction which comprises: 

(a) a catalyst support comprising a carbon fibril aggregate and a cosupport material, the fibril aggregate 

ISSm P ' Ura, i ty ? fibr " S haVin9 a " ° Uter regi0n 0f multi P' e ' essential| y continuous, gen- 

Thit V 7,° ^ 9raphltiC Ca,b0n at0mSl Wherein the 9 ra > hitfc cafbon ™ disposed 
substantially parallel to the central axis of said fibrils, «=>K"s>ea 

SSit flb ;'f h haVin9 T 6Xtemal diameter ,n the ran 9 9 of 35 10 70 ™ a "« a 'ength to diameter 
ratio of at least 5, and the pores formed between the fibrils being mesopores or macropores wherein Z 
carbon fibril aggregate is substantially free of micropores having a dieter [eTZ^A IdTal a 
porosrty from2to8ml/gmandaspecificsurfaceareaofatleast250m2/gmand less than 1 000 m^/gm; and 

(b) a catalytically effective amount of a catalyst supported on said catalyst support. 

3 ' iZSZ^ZS" t0 claim 1 ' wherein the supported cataVst is a coordina,ion comp,ex of a ^ 

4. A supported catalyst according to claim 3. wherein the supported catalyst is a coordination complex of a catalvtic ' 
transrt.on metal selected from palladium, rhodium, or platinum. ^ 

5. A supported catalyst according to claim 3, wherein the ligand is phosphine. 
6> dTumS^^ 

? " I'dTum^infS aC ; C0rd 7, t0 claim 1 > wherein tne s "PP°rted catalyst is selected from ruthenium, osmium 
rhodium, indium, palladium, platinum, or a mixture thereof. ' 

8. A supported catalyst according to claim 1 , wherein the supported catalyst is ferric oxide. 

9. A supported catalyst according to claim 1, wherein said catalyst comprises a substitution reaction catalyst an 
add-on reachoncata.yst.ap-e.WnaUon reaction catalyst, a rearrangement reaction cata^^ 

catalyst, a reduction reaction catalyst or two or more of the foregoing catalyst. 

10 " TrTnlT^ . Ca ! alySt aCC ° rding l ° daim 1 • Wherei " S9id Ca,alyst com P rises a Wrogenation catalyst a Fischer- 
Trop S chcatalys,anammon,asynthesiscatalyst,ahydrodesulfurizationcatalyst,acaLxy^ 
er process catalyst, a discrete fibril-forming catalyst or a fibril aggregate-forming catalyst * 

11. A process for making a supported catalyst for conducting a fluid phase catalytic chemical reaction comprising: 

adsorbing a catalyst or a catalyst precursor onto a carbon fibril aggregate and a cosupport material until the 
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carbon fibril aggregate and the cosupport material are saturated with the catalyst, 
wherein said carbon fibril aggregate is defined in claim 1 . 
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